ABSTRACT
INTRODUCTION
However, despite their longevity, some of these design methods can yield poor closed-loop time-domain response [4] . In general, the design procedure for each compensator is different and a significant portion of the lecture time must be spent on teaching the individual methods. As a result, there is less time to discuss the issues involved in choosing a compensator for a given problem. This allows students to quickly complete a single iteration of the design by hand or write a short MATLAB program to iterate the design process.
The remainder of the paper is organized as follows. A review of root locus design and the general compensator design problem is presented in Section 2.
A PD compensator design procedure is presented in 
COMPENSATOR DESIGN USING ROOT

LOCUS
The block diagram of a feedback control system is shown in Figure I where G (s) represents the plant and actuator, G, ( S) represents the compensator, and ff (s) represents the sensor. If a compensator is required to achieve the design point so =-U + i W , the open loop transfer function must satisfy the angle and magnitude criteria [I] .
Equivalently, the compensator and gain must satisfy ( I ) Given the particular structure of the chosen compensator, the relationships in ( I ) and (2) are used to compute the compensator parameters and the control gain.
LG,(s,) =1800-LG,2(s,) -& ( s o )
PD COMPENSATOR
Synthesis
The PD compensator represents the most basic 
LEAD COMPENSATOR
After G, ( S ) is determined, the magnitude criterion (2) is used to compute the control gain K
Feasibility of the PD design
Synthesis
The lead compensator improves the transient response as compared to the uncompensated system without the practical limitations caused by the derivative action in There is a limit to the immovement that a PD the PD compensator. The lead compensator has a compensator can achieve. In general, the compensator zero should not be placed in the right half plane 
PID AND PI-LEAD COMPENSATOR
(PRACTICAL PID)
PID compensator
The PID compensator has a transfer function
. The magnitude criterion is used to compute the control gain K as in (2). While the assumption that Z, = Z, is mildly restrictive, the resulting design procedure is a straightforward extension of the PD design procedure.
PI-lead compensator (practical PID)
The 
I . PI-LEAD EXAMPLE
Consider example 9.5 in [I] . This problem is equivalent to the feedback control system in will he presented in a future paper.
